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1) Scale symmetry vs quantum corrections
2) Scale invariant (Sl) regularisation
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a) Spontaneous scale symmetry breaking
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c) RGEs and Callan-Symanzik
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Use a propagating In the end: assume
- » and interacting field the field has a VEV

M ~ O'($) o(x) — (o) + o(x)

Way to organize the calculation:
make the regulator dynamical
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Calculating corrections with evanescent interactions
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Calculating corrections with evanescent interactions
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Effective potential (by the background field method)
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Effective potential (by the background field method)
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RGEs and Callan-Symanzik equation (at 2-loop)
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RGEs and Callan-Symanzik equation (at 2-loop)

arbitrary number
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Few remarks

A, = 0 3
. R A(4st2n # 0
IS a fixed point of the RGEs (ran) A, =0
One could’ve equally well use Nonrenormalizable interactions
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Scale invariant Standard Model and vacuum stability
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Scale invariant Standard Model and vacuum stability

1 Ao HIS
Lom| 4L @0 - AHPo? — 2oot a DL
m2=0 2 4 o2
( : )
H=1| ¢
Infinite series: A6, As, A1, --- V2
Hence, generically | cannot make trips into {gb > 0}. () = 246GeV

a) (o) < Minstabitity ~ 10°+19GeV

Problem of explaining spont. broken scale
symmetry comes before the issue of instability.

b) <0> z Az’nstabilz'ty

There may exist a tunneling field configuration
(Coleman’s bounce) such that ¢ < o along this configuration.
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Scale invariant Standard Model and vacuum stability

E.9. (5) ~ 10" GeV

| 2
- ( OOGeV) 1016
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Ao ~ A2
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Scale invariant Standard Model and vacuum stability
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RG-improv.: z ~ ¢/o <
Does the tunneling rate feel
the new degree of freedom?
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Scale invariant Standard Model and vacuum stability
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Scale invariant Standard Model and vacuum stability
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| was staying in a flat spacetime.
See: other pleople’s existing work in cosmology

Dilatations .
6 — QU)o w [ dav=g (g™ (0.0:)(0udi) — V(di) — =R
Guo(x) = Q(x)gp () / (2 t )
:

,,HiggS-Dilaton J. Garcia-Belido, J. Rubio, M. Shaposhnikov, D. Zenhaeusern, arXiv:1107.2163 [hep-ph]
theory”' Higgs-Dilaton Cosmology: From the Early to the Late Universe

F. Bezrukov, G. K. Karananas, J. Rubio, M. Shaposhnikov, arXiv:1212.4148 [hep-ph]
Higgs-Dilaton Cosmology: an effective field theory approach

A. Shkerin, arXiv:1701.02224 [hep-ph]
Electroweak vacuum stability in the Higgs-Dilaton theory

.Scale-invariant k. Allison, C.T. Hill, G.G. Ross, arXiv:1404.6268 [hep-ph]
inflation”: Ultra-weak sector, Higgs boson mass, and the dilaton

P.G. Ferreira, C.T. Hill, G.G. Ross, arXiv:1603.05983 [hep-th]
Scale-Independent Inflation and Hierarchy Generation

P.G. Ferreira, C.T. Hill, G.G. Ross, arXiv:1610.09243 [hep-th]
Weyl Current, Scale-Invariant Inflation
and Planck Scale Generation

P.G. Ferreira, C.T. Hill, G.G. Ross, arXiv:1612.03157 [gr-qc]
No fifth force in a scale invariant universe

Pawel Olszewski PASCOS 2017, Madrid 18/18



Conclusions

1) You may use a field as a uy in dimreg to preserve
scale symmetry at the quantum level.

2) The price to pay: infinitely many nonpolynomial
operators suppressed by y and corresponding
running couplings.

3) Not a MS scheme: all Your RGE's are different
(Callan-Symanazik still holds).

4) Instability equals unboundness from below.

5) If You assume perturbativity of SM, the story of
Y vacuum decay is generically not modified.
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Conclusions

1) You may use a field as a uy in dimreg to preserve
scale symmetry at the quantum level.

2) The price to pay: infinitely many nonpolynomial
operators suppressed by y and corresponding
running couplings.

3) Not a MS scheme: all Your RGE's are different
(Callan-Symanazik still holds).

4) Instability equals unboundness from below.

5) If You assume perturbativity of SM, the story of
Y vacuum decay is generically not modified.

Thank You!
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Backup

logqglaction in SM+Ag)

action in SM+g
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